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Energy Consumption Monitdring 

5 

This invention relates to the monitoring of energy consumption, such as gas or electricity 
consumption on a network such as the electricity National Grid, in the United Kingiom. 

In many countries such as England, electricity market trading arrangements are based on 
10 a commodity market model in which there are producers (electricity generators) and 
retailers (who trade in electricity between the producers and end consumers). The 
producers and retailers (traders) are required to know what their physical requirements 
are for electricity ahead of actual production and consumption. The traders are then 
expected to take contractual positions to cover their requirements. Any difference 
15 between the contractual positions for physical energy and the actual energy produced or 
consumed is penalised. 

In the electricity market there is a constant drive to balance supply and demand on an 
mstant-by-instant basis. The activity is a 24-hour a day and seven day a week process 
20 because, for all practical purposes, it is deemed that volume electricity cannot be stored at 
an economic cost. It must be produced at the time it is to be consumed. Consequently the 
production of electricity is balanced with actual demand on a real-time basis. 

To define a consistent period over which the traders in the market can settle their 
25 accounts, in the English electricity market there is a Settlement Period of duration 30 
mmutes. There are 48 such Settlement Periods in a standard day. For each trader in the 
market, the contractual position for each Settlement Period must be consistent with the 
actual physical position if penalties are to be avoided. The settlement period for the UK 
gas market is currently 24 hours. 

30 

The cost of balancing the system is based on the bids and offers accepted by the Grid 
Operator fi-om the traders active in the balancing market to either provide more energy or 
take more energy firom the Supergrid. The cost incurred of balancing the system forms 
the basis of penalties to those parties out of balance (where physical position varies from 
> notified contractual position). 

Typically, the producers of energy, are in a position of strength in the electricity and gas 
markets. They dehver the vohime of contracted energy at the appropriate time. There are 
occasional problems associated with engineering failures of plant and also the 
I unreUabiHty of oufput of, for example, wind-powered generators that compromise the 
ability of producers to meet contractual positions. However, in general the producers 
dehver on thrar contracts because the output is controllable. 

The main problem is on the consumption side of the market. Consumers , in most cases 
demand electncity (and gas) at a time of their choosing. The costs of wholesale market 
penalties on the retailer are therefore factored into the price of the sales contract between 
the retailer and the consumer. 
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Consumer demand fluctuates quite widely for the individual consumer. A single 
household will consume energy in a way that is largely unpredictable. On a population 
basis, the demand is more predictable but ihere is still substantial and material room for 
5 error. The major factors affecting demand are environmental factors such as weather, 
daylight and also TV pickiq). It is extremely difficult for retailors to accurately predict in 
advance what the actual demand of consumers will be for a particular Settlement Period. 
This leaves retailers buying either too little or too much energy in the market and then 
suffering the consequential penalties. In general retailers tend to go long in the market to 
10 ensure that they have sufficient energy to cover their customer demands as this is the only 
sensible risk management strategy available to them at this time. 

In trading terms, the problem that retailers caimot resolve is that the physical energy 
consumed can (practically) only be known post-consumption. Yet purchase contracts 

15 need to be agreed well in advance of consumption. The result of this structural feature of 
the market is that currently retailers are mainly passive players in the market that take the 
consequences of imbalances and the producers of energy react to meet the requirements 
to physically balance the system. It follows that retailers v/ovld benefit firom access to 
more financially efiBcient and effective tools that allow them to manage the risk and 

20 consequences of being out of balance instead of simply going long. 

Whilst analysis of past consumption patterns, weather forecasts, television schedules and 
so forth can enable electricity retailers to predict consumption to a certain extent, there is 
a need to monitor real time consumption. If there is a rise or drop in consimiption 
25 compared to predicted patterns, this may indicate that following predictions may need to 
be altered. For example, there may be an unexpected news event which will result in 
people stopping their normal activities to watch the television. 

In the United Kingdom electricity market, there is the concept of "Gate Closure". The 
30 market for trading physical energy is closed a predetermined period ahead of energy 

consumption, for example 3.5 hours. The present system of monitoring total consumption 
is based on a summation of grid meter readings on a two minute cycle, using data thatis 
on average one minute old. Previously this has been adequate for engineering balancing 
puiposes but it is not necessarily good enough for trading. In this specification there is 
35 disclosed a method by which traders can take into account of probable changes in 

demand which appear likely to arise even after Gate Closure. One aspect of the present 
invention concems an improved system for monitoring consiraiption, that will provide 
data that is more up to date. 

40 Thus, viewed firom one aspect of the present invention there is provided a method of 
hionitoring energy consumption on a network provided with a plurality of consumption 
meters, in which readings are received firom the meters and summed (meter reading 
summation process) to provide a total consumption figure at intervals, characterised in 
that there are stored the individual meter readings that were received and used to 

45 calculate a total T(t), and in that when an updated reading firom a particular meter has 
been received there is calculated a new total T(t4-1) which is the sum of the previously 



stored individual meter readings used to calculate the previous total T(t), less the 
previously stored individual meter reading for that particular meter, plus the updated 
reading for that particular meter, 

5 Thus, as an xtpdated meter reading is received, a new total may be calculated 

immediately. This by contrast to existing systems in vsrhich a new total is calculated only 
after all updated readings have been received, over a period of e.g, two minutes. 

The new total could be calculated in accordance with a trigger as each iqKiated reading is 
10 received, or the system could be polled to calculate new totals at intervals which are 
substantially shorter than the time required to receive updated readings from all of the 
meters, such as at one second intervals. 

The data manipulated and produced could be actual consumption figures, raw data from 
15 meters, or anything else which is representative of consumption. 

The figures received may be used for any analytical purposes. However, they are of 
particular use in the implementation of a process which enables the retailers of energy to 
reduce the economic effect of imbalances if they detect, from vqpdatod data, that there are 
20 likely to be such imbalances. 

The solution set out below provides the means for retailers to manage the financial 
consequences of imbalances. A basic poiat is that physical balancing is a real-time 
activity conducted by the system operator (e.g. the controller of the UK National Grid) 
25 and physical balancing will occur regardless of the actions of retailers. The real issue is to 
manage the financial consequences of beiug out of balance. The solution is to provide 
financial hedgiag tools within a framework that reflects the divergent perspectives of 
producers and retailers. 

30 The retailer should take accoimt of whatever information on demand is available to 

forward predict the retailer's own customer demand and to then buy financial options to 
manage the financial consequences of errors in the prediction. The prediction tool for 
retailers suggested in this specification is optional. However, the particular tool suggested 
in this specification has advantages .over other methods when it comes to hedging 

35 activities. The method described here using real-time actual demand is likely to be more 
accurate because there is significantly less reliance on historic correlatioris (of dubious 
accuracy that apply over very coarse time scales when the market is working on 30- 
minute Settlement Periods). This aspect of the invention (which gives an improved result 
* if the previously stated meter reading summation process is used) will provide market 

40. information to retailers that will be useful in trading. 

The probabilistic nature of forecasting accuracy highlights why physical balancing by 
retailers is of limited value and it must be supplemented by financial hedging if the 
retailer is to manage business exposure. The importance of physical forecasting is greatly 
45 reduced if financial hedging tools can be used to manage the consequences of errors. The 
use of financial hedging instruments allows traders to continue to trade post Gate Closure 



and Tight up to energy consumption. The physical position remains unchanged but the 
jHnancial consequences of imcertainties can still be actively managed. 

The producers and retailers are active in an asymmetric market. The asymmetry arises 
where the financial consequences for producers are on a genset by genset basis in a 
bilateral contract with the system operator in balancing the market. Meanwhile the 
aggregate service provided by all traders in the balancing market is used to calculate the 
imbalance penalties on a national basis so that the financial consequences of imbalances . 
for retailers are the averaged result of the activity of all the players in the market. What is 
reqxiired is a common reference firamework for producers and retailers (reconciling ttie 
differing perspectives) to enable both parties to trade hedging contracts across the market 
in a risk managed way with a common basis for valuations. An index would provide this 
reference firamework and the details of such an index are provided below. This index is 
another aspect of the invention that leads to an enhanced result for trading puiposes by 
the use of the meter reading summation process. 

An outline of the process is as follows. 

There is historic data on the demand in each Settlement Period going back many years. 
Often demand is classified into that energy consumed in a working day, non-working day 
and season. 

It is proposed that the average demand over the past (say) 5 years is calculated on the 
basis of working day and non-working day for each month of the year. Some allowance 
may have to be made for clock change dates and also public holidays in the calculation of 
historic average demand. 

It would also be useful to inflate the calculated average demand by demand inflation. 
Typically, national electricity demand in the UK is increasing at 1 .6% pa (long run 
average rate) through economic growtihi. However actual growth in demand varies on an 
annual basis depending on the actual economic activity and the economic cycle. 
Application of actual demand inflation can be used to bring the calculated average 
demand up-to-date. 

To a first approximation, retailers will be purchasing energy on the basis of historic data 
to estimate the demand of their customers. Variations in actual demand relative to historic 
data are an indication of how over or under contracted a retailer might be in the market. A 
retailer therefore needs to estimate how his demand is likely to change in the near future 
relative to the historic averages as an estimate of potential imbalances (actual physical 
demand versus contractual position). 

The national demand C*NDspof ') is known at an instant in time by the summation of the 
energy measurements on the national grid. Whilst the meters on the Supergrid do not 
provide an indication of all the energy consumed (for example, embedded generation is 
not reflected in meter readings, the reading give a good indication of the variation in 



demand relative to historic demand and also in the change in the demand profile during 
• the day. It is the variation that matters in this risk management solution. 

The NDspot readings need to be translated into 30-minute readings to allow the data to be 
compared with historic demand data, to be useful on a Settlement Period basis and also to 
capture a degree of smoothing. 

A retailer needs to take a view on how his own demand (for his own customers) is 
correlated to national demand Experience and historic data will provide an indication of 
how much demand for a particular period compares. Using the grid demand data, the 
retailer will then be able to estimate his own demand. 

The retailer also needs to take a view of how the variation in the national demand (ND) 
for a given Settlement Period varies firom historic average to predict what the variation 
will be in national demand at some Settlement Period later in the day. 

Combining the correlation in own demand to ND forecasts and the correlation between 
ND now and the forecast ND, the retailer will be able to predict own demand in the future 
fi:om current ND. 

The requirement is, therefore to correlate activity to real-time ND and to publish an index 
that provides the retailers will information on the variation in ND, The index will be 
based on the difference (D*). 

D* = The difference between current National Demand (ND) over a 30-minute 
period and historic average demand (HD) over the same 30-minute period. 

The magnitude of D* provides an indication to both producers and retailers of the size of 
the potential system imbalance; the likely consequent cost of addressmg the imbalance; 
and the likely consequent value of services used in addressing the imbalance. 

The producers and retailers can trade options to hedge the financial exposure. The parties 
can trade call and put options on the price of imbalances. In the English market the price 
of imbalances is denoted System Buy Price (SBP) and System Sell Price (SSP). If S is the 
strike price, a call option for SBP might payout £(S-SBP) for a standardise contract 
volume of (say) IMWh. A producer and retailer may trade many of these contracts to get 
the appropriate volumetric level (MWh) of contracts to cover the physical volume of 
energy at risk. Similar contracts can be constructed for puts and SSP hedges. 

Since the probability of getting the physical forecast absolutely right is significantly less 
than 100%, the retailer can more constructively manage his cost of being out of balance 
through financial hedging, both pre and post Gate Closure. 

The volumes of options contracts offered by producers (in relation to generator units - 
"gensets" - that are expected to be active in the balancing process for a particular 
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Setflement Period) will define to some degree the producers desired market share in the 
balancing market (if the producer wants a hedged position). 

Further sales of such options contracts in relation to very high priced marginal gensets 
5 that are not expected to play a part iu balancing provide a means of rewarding gmsets 
that provide a service with regard to system security. 

The result is that both sides of the market have price and volume certainty and trading 
across the market will provide a mechanism for price discovery. In addition system 
1 0 security is enhanced. 

Once the spot market in options is developed, there is another market in consequential 
derivatives that would follow. For example, for a particular Setflement Period, there 
could be an option traded to cover the price exposure for the working days (or non- 
1 5 working days) in November This kind of product would be particularly useful for those 
smaller players who do not want to be actively managing their positions on a real time 
basis; they really want a simple product that works over a long period of time, 

r 

Traders can constructively buy and sell physical energy up to Gate Closure and register 
20 the energy in their contractual accounts. Post Gate Closure, the only option is to deal with 
the financial consequences of imbalances. At Gate Closure, a more refined index (D**) 
might also be introduced. 

D** = D* - D*(at Gate Closure) 
25 . 

D** is reflecting post Gate Closure activity. The assumption is that pre .Gate Closure, the 
publication of the D* index will lead traders to take physical action in the market. The 
D** index reflects the post Gate Closure variations. 

30 With options, the financial outlay is the option premium. With physical energy, the 

purchase outlay is much higher and the trader still does not know whether the action will 
put the trader back into balance in either direction (could be out of balance in the opposite 
direction if the trader goes too far). Given the inherent uncertaiaty in forecasting, retailers 
will probably do some simple pre Gate Closure physical balancing (with some financial 

35 hedgiug) several hours ahead of physical consun^tion and then increasingly use financial 
hedging as the time of energy consumption approaches. This takes the stress out of 
forecastiQg accuracy. 

Financial options also have another useful attribute. Traders can take a portfolio position 
40 on prices and volumes covered so that they can spread their position. With a range of 
strike prices and a range of volumes, traders can fine-tune their risk position to take 
account of their appetite for risk. Delta hedging and rebalancing strategies will be the 
normal practise for the traders. 



Much of the detail described above can be refined so that the model is not just based on 
correlating demand and demand variances to ND. The market could also provide data on 
a regional basis since the metering on the grid exists to do this. 

The methods and systems described above and below for dealing in options are inventive 
in their own right, regardless of the method chosen to monitor usage, i.e. regardless of 
whether the preferred system is used or not Thus, further aspects of tiie invention relate 
to such methods and systems. By way of example only, viewed from another aspect of 
tibie iuvention there is provided a method of reducing the financial effects of imbalances 
in a system in which retailers contract for the supply of energy from energy producers, 
the method comprising the steps of forecasting the retailer's own demand error; uskig a 
commonly applicable index by producers and retailers to give an indication of the degree 
of imbalance in the market; and using financial derivatives to hedge the financial 
consequences of imbalances. Also by way of example, viewed from another aspect of the 
invention, there is provided a data processing system for analysing energy usage on a 
network including a number of energy sources and a mraiber of energy consumers, 
including meters on the network which measure energy usage on the network fliroughout 
a day; wherein a database is provided which stores historical energy usage data so as to 
provide, for predetermined intervals during a specified day of the year, average historical 
energy usage values; wherein for a given current one of those predetermined intervals 
during a day of the year, data firom the meters provides a current energy usage value on , 
the network; and wherein an index is produced which indicates the difference between 
the average historical energy usage value for that interval on that day of the year, and flie 
current energy usage value for that interval 

Some embodiments of the invention will now be described by way of example and with 
reference to the accompanying drawings, in which: 

Figure 1 is a representation showing typical daily national demand for electricity; 
Figure 2 is a diagram illustrating forward prediction of demand; 
Figure 3 illustrates integration of spot readings of national demand; 
Figure 4 also illustrates integration of spot readings of national demand; 
Figure 5 illustrates financial hedging; 

Figure 6 illustrates how trading evolves over a 24 hour period; 
Figure 7 illustrates the merit order of plant; and 
Figure 8 illustrates the uses of the index D*. 

The solution to the markets problems has three elements: the forecasting of the retailers 
own demand error; the use of a commonly appUcable index by producers and retailers 
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&at gives a measure of imbalance in the market; and the use of financial derivatives that 
hedge the financial consequences of imbalances. 

^ There are two steps in the demand forecasting process. 

Firstiy, the retailer needs to have infonnation on how reattime national demand (ND) is 
vmymg relative to historic averages (Fig. 1). Through this process, the retailer wiU be 
able to take account of those (environmental or external) factors that are affecting 
10 Snr^fi behaviour. TTie retailer can then more accurately predict what ND mi#t be in 

/^^^ ^^^y^ ^ ^^"^ ^^y- "^^ ^^s^t^t prediction wiU have an error 
Jstnbution associated with it Secondly, the retailer needs to correlate 'own' historic 

t^ r^ ^' ^ "'''^ ^^^^ ^•^t<^-- portfolio. ^a^S 

resultant answer wiU have an error distribution associated with it 

fnT^f J?"^^ ^""^If^ associated error distributions will allow a retaUer 

to forecast his own demand in the future using the current ND data (Fig 2) There wmL 
a ^babihty distribution of how good Ihe resSltant forecast is. The probaWUty 
di^buhon ^ provide the retailer with information on the balance between physical 

20 so that a suppher can make more accurate esthnates of own demand 

^^«^^Se of demand using several years of data (using 

^b^ml^i "-^'^^ "^^'T^^ "^^"^ P'°^^^ ^ ^'^^ 1^^^^ which Ltivities 

OS r^.l measured. The average demands wiU be calculated for each Setdement Period for 
25 months of the year, classified into working day and non-working day. etc aS coSd t^e 

30 and simply averaged, the resultant average will 

an av«age that has been brought up-to-date. The net result is an estimate of the expected 
normal demand for aparticular classification of Settlement Period. 
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On both the entry and e^t points on a national electricity supply grid, real-time energy 

Ze2t °P^ator therefore has real-time data on energ/d^and 

^itlflSiTr^ ^"^"^ setdement metering. However, for the soluti^prop^ei it 
is the relative changes m energy flows that are of interest 

The grid operator reads the real-time meters every two of minutes (or so) The reading are 
summed and the result forms an estimate of ND^ot (MW). The ciSent procesrus^^ 

coueciS zrr r ^^Tf^ ^ ^^^^^^ ^^p°* ^-^-^ rl^ii: 

lyf^^T^ZtT f:^ ^"'"^ '^^^^ ^ ^^^'^^^ NDspot is calculated hi the 
system m accordance with one aspect of the invention, as a meter reading is collected 



from Meter M3 (say), the previous reading of meter M3 should be immediately 
substituted in ND by the new reading for M3. If this is done for all meters on a 
continuous basis as and when the meter reading arrives, the value of NDspot will be 
based on the most up-to-date information available. This will greatly enhance the 
accuracy of the measured demand and enhance the liquidity in the trading market. 

The following is one proposed way in which NDspot will be calculated. 

MTt is the total metered volume at time, t 

MTtfAt is the total met^ed volume at a later time, t + Ztt 

mxi is the ith meter reading for meter x. It can have a positive or 

negative value. 

Assume a Base Point at (say) 03:00 hours each day. 

MTo = S (m 1 0 + ni2o + m3o + m4o + m5o + m6o + m7o + . . . ) 

As time moves forward, the total metered volxmie becomes MTt where t designates a 
point in time. 

As each subsequent meter reading arrives, the old meter reading is substituted by the new 
meter reading. 

MTt+At = MTt - raxj-i -f mxi 

This algorithm works whether the meter readings arrive sequentially or in some random 
sequence. In each case all available data is used as soon as it becomes available. This is 
an in5)rovement on the existing process that carried out a summation of all readings on a 
two-minute cycle using data that is on average 1 ininute old. 

Because of rounding errors that will invariably creep into the substitution process, it is 
recommended that a quiet point in the 24-hour day be used to re-establish a base point of 
readings (so that errors are not compounded into perpetuity). The most appropriate time 
for this base point might be sometime between 01.00 to 05.00 when demand tends to be 
flat and the market extremely quiet. 

As each meter reading arrives and the value of NDspot is recomputed, the result needs to 
be tumed into something that the market can use practically. What is required is a value 
of ND that covers 30-minutes. As each new value of NDspot is recomputed, all the 
NDspot values over the previous 30-minutes should be integrated to give an estimate of 
total demand over a 30-minute period. This is not a Settlement Period of 30-minutes, but 
a rolling 30-minute period (Figs. 3 and 4). 
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each value of ND is calculated for a rolling 30-imnute period, a corresponding value 
of historic demand needs to be calculated. The value of ND will probably straddle two 
Setflement Penods For exan^le (Fig. 3) if the latest ND figure covers 3 minutes in 
Setflement Penod SP35 and 27minutes of SP36. then the comparable historic demand 
5 could be based on 

HD* = 10%ofHD(35)+90%ofHD(36) 
10 JS* ^"^^ of 30-minute ND can then be conq)ared with historic demand. The difference 
D* = ND - HD* 

Ibe value of ND at Gate Closure should be subtracted from the subsequent values of ND 
The result will give an mdication of variation from ND post Gate Qosure. 

D** = D* - D*(at Gate Qosure) 

''^^^^ P"''^^ ""^^^^ °Pti«"^s '^^^Sn^ to hedge 
20 contmually refine titeu: positions in the market 

The followng are some basic option structure examples. The assunq)tion is that S is the 
to say rSm''''^' "^^^^ "^"^^^ ^ tberefore standardised in size 

25 

Call Option payout = SBP(X) - SPQ where SBP(X) - S(X) > 0 
Put Option payout = S(X) - SBP(X) where S(X) - SBfQQ > 0 

30 Call Option payout = SSPPC)-S(X) where SSP(X) - S(X) > 0 

Call Option payout = S(X) - SSP(X) where S(X) - SSP(X) > 0 
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More complex option^ would evolve in due course covering multiple Settlement Periods 
e.g. all overmght Setflement Periods in a monlb or all Settlement Periods 35 for working 

td^al'so^olve'!' """^^^ '"'^ ^"^^ ^^"^ °^ ^P^'^ ^P^^^ 

Tbe market might also want hedges that are directly related to the value of D* and D** 
bunilar option structures can be developed for these indexes. An analogy with FTSEIOO 
options would provide a useful structure. 

riS^H f shows how trading is expected to evolve through a typical 24 hour 
™ to rlt r,^ to a particular Settlement Period. Early in the 24 hoS^periSi and rigSr 

positions and also some financial. Post Gate closure only financial trades wiU be of 
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practical value. lii Delta hedging, the financial volumes would be expected to be vastly 
greater and they would outstrip physical trades at all times by perhaps a factor of 4. 

Some specific scraiaiios will now be discussed by way of example. 

In a furst scenario, a cold fi:ont moves in off the Atlantic The retailer is expecting to sell 
lOOMWh of electricity in a particular Settlement period under normal conditions and the 
retailer has akeady procured this volume of physical electricity. Now at t - 15 hours, the 
demand for electricity is expected to rise because of the cold fi-ont 

At this stage, it is unknown whether demand will increase by 10 or 50 MWh but the 
current expectation is for 30MWh based on en^irical forecasts and information on D*. 
The retailer is Delta hedging. The retailer is short SOMWh physical (at £20/MWh) and 
buys (perh^s) 120MW (x4) of SBP caU options (average premium paid might be 
£0.5/MWh) of various stiike prices and various volumes. On the othar hand the retailer 
might buy 30 MWh physical and then consider the probability distribution of errors 
around his new physical position. He could then trade SBP and SSP options to hedge the 
nsk of errors arising firom being long or short . The actual volume of options procured 
will be determined by the quantitative analysis of the risks and the strategy employed by 
the retailor. j . 

The producer will be the seller of the physical energy and the options (in the first 
instance). The financial options wiU cover a range of gensets and a range of volumes and 
prices. 

At a time t -.14 hours, the demand expectation has changed again. Both the retailers and 
producers will rebalance the physical and financial options books to take account of the 
latest information. There will be an on-going rebalancing process all the way to Gate 
Qosure. The price (and practical value) in the market of tte physical energy and the 
associated financial options wiU change (higher or lower) incrementally m the market 
with time. 

After Gate Closure and up to physical consumption of energy, only financial options can 
be traded. In this period (flie balancing market), the grid operator is bUaterally managing 
the physical position energy with producers to balance the system. If a producer has sold 
a particular volume of options at a particular average stiike price, the producer will aspire 
to folfil the complementary physical position in the balancing market wifli the grid 
operator by using a range of gensets to get the volume and the average price. If the 
producer achieves this result, then the producer has a hedged position. 

SBP and SSP (£/MWh) are known very soon after the physical energy has been 
consumed in a Settiement Period (m fact with a couple of hours). Assume that SBP out- 
turns at £40/MWh and SSP is £10/MWh. For those SBP call options purchased by the 
retailer at a stiike price (S) less than £40/MWh, the options have some financial value 
and they are exercised to yield £(40-S)/MWh to the retailer. The converse is true for SSP 
options. 



( 
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The producer, as the writer of a call option, pays out to the retailer for those call options 
at strike prices below SBP. Those call options at strike prices above SBP provide an 
income to marginal high priced gensets and they are effectively being rewarded for 
5 providing system security (insurance for the system). 



In a second scenario, an intemational football match looks like going in to extra time. 
The retailer is expecting to sell lOOMWh of electricity in a particular Settlement period 
10 under normal conditions and the retailer lias already procured this volume of physical 

electricity. The retailer knows that there is a real possibility of increased demand because 
of the TV pickup. How does the retailer hedge this risk? At t- 1 hour, the retailer is 
beyond Gate Closure. 

15 At this stage, it is unknown whether demand will increase by 10 or 50 MWh but the 
current expectation is for 30MWh if the game goes to extra time. The retailer is Delta 
hedging. The retailer trades an appropriate volume of both SBP options (average 
premium paid might be £0.5/MWh) of various strike prices and various volumes and SSP 
options. The actual volume of options procured will be determined by the quantitative 

20 analysis of the risks and the strategy employed by the retailer. 

The producer will be the seller of the physical energy and the options (in the first 
instance). The financial options will cover a range of gensets and a range of volumes and 
prices. 

25 

At a time t - 5 minutes, the demand expectation is more accurate. Both the retailers and 
producers will rebalance financial options books to take account of the latest information. 
There will be an on-going rebalancing process all the way to actual consxmiption. 

30 In the proposed market solution, there is no reason why trading could not continue even 
through the Settlement Period of interest. Options trading is of practical and commercial 
benefit up to the point where SBP and SSP are publicly known. What this means is that 
actual real time trading of SBP and SSP options can happen in tandem with actual real- 
time consumption of electricity. 

35 

The D* index will provide a measure of the magnitude of the imbalance. In the electricity 
industry, there is what is known as a 'merit order of plant' (industry terminology). There 
is common knowledge of the relative price and cost of individual gensets available for 
balancing right across the market. The merit order stacks the plant so that the lowest cost 

40 plant runs first and successively more expensive plant is called on to meet changes in 

demand (the merit order of generation bids will also include bids from the demand side of 
the market to reduce demand). There will also be a merit order of bids to reduce 
generation (and increase demand). As the magnitude of D* increases (positive and 
negative), the system operator (NGC) will call on successively more expensive bids in 

45 the merit order to correct the imbalances. All the players can estimate which genset will 
be called upon to fulfil the requirements of correcting imbalances. Whilst this is not 
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absolutely correct, there is sufficient data for all the players to trade imbalance penalties. 
Once the market matures and becomes more organised, then the market price will 
become more transparent and the merit order will become less relevant The D* index 
will become the benchmark against which all the players correlate prices. 

A typical market index is designed to provide a common market indicator along a 
common marketperspective. D* is a market index that is designed to solve the problems 
of orthogonal market perspectives. For example, the producers are trying to hedge their 
activities (price and volume) in the physical balancing market for each of their gensets. 
However the retailers are hedging SBP and SSP that are the result of the average of all 
the activities of all the players in the market D* provides a common framework for both 
types of market participant and so both parties can then trade hedges (options) across the 
market 

The merit order data will enable players to estimate price and volume of options. By 
applying the theory under-pinning Delta hedgmg and standard quantitative tools such as 
Monte Carlo simulation retailers will be able to calculate the volume of hedging required 
and the value/price of the options under various sc^arios. 

The volume of options purchased by the retailer will reflect the retailer's appetite for risk 
(on physical imbalances and system security) and the magnitude of his expected exposure 
in the market The producers will do similar calculations to value the balancing service. 
The volume of options sold by each producer will reflect expected physical volume sold 
into the balancing market plus the additional volume of service provided to risk adverse 
retailers in terms of the system security service. Through this process, the producer is 
signalling his market share aspirations in the balancing market and system security 
market assuming that the producer is taking a risk-balanced position where the volume 
and price of financial options traded represents the producers anticipated physical 
position. If the producer does not take a balanced position, then the producer is acting as 
a market speculator. 

It is worth pointing out that producers will endeavour to get the price \ volume hedge 
correct for each Settlement Period. However what the producers actually need to do is 
recover the appropriate volume and price over, say, a year. As a result, both producers 
and retailers get a less volatile price market and the market is 'smoothed'. Both parties 
can therefore take a risk-managed position which is the main driver behind trading. 

In the first instance (first approximation), producers are the providers of balancing 
services and retailers are the passive consumers of balancing services. What this means is 
that the main writers of options will be the producers and the main buyers will be 
retailers. As the market matures, this will become an increasingly simplistic description. 

The options traded can cover individual Settlement Periods of different blocks of time. 
There are two classes of options that this solution covers. The first is the conventional 
type of financial option that is directly hedging SBP and SSP prices. The second is an 
option based on trading the D* index itself. If D* is greater than or less than a particular 
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value, then that triggers a payment from the option writer to the option holder. These are 
the key traded products. 

Exotic options can cover a whole range of complex options products fliat combine several 
simple products into one product There are other derived indexes that spin out of D*. 

In use of the system, the value of D* will be broadcast. Retailers and producers will trade 
physical energy to take account of the information provided by D* on the potential for 
imbalances. 

At the same time, both types of player will trade financial options m parallel with flie 
physical trades. The need to trade financial options arises from the need to manage risk 
on price movements and Delta hedging is a standard technique. As D* changes, flie 
potential price of SBP and SSP changes. If Delta hedging is appUed, then it is probable 
that the volume of financial options traded could be several times (say 4 times) the 
volume of physical energy at risk in tihe balancing market 

The value of D* wiU change with time. If Delta hedging is followed, the traders will have 
to continuously rebalance the physical and options positions. The parameter Gamma (a 
standard term in commodity trading) determines how often rebalancing should be carried 
out Rebalancing involves selling the current position and taking a new position in the 
market 

D* will change continuously and so there should be constant rebalancing of the traders 
position. 

The traders wiU have to hedge both SBP and SSP prices if risk is to be fully managed, 
G:\SECDATA\MIBM)q)akIaI\Spec.doc 
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ProdncQs hedging 
activities ia the 
balancing market for 
each genset in tbeir 
controL 



Producers hedging system 
secarity activities in 
respect of gensets that are 
unlikely to generate in fte 
balancing market liut the 
gensets are available to 
produce more to meet 
market needs. 
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Retails and producers trade 
financial options to hedge 
the cost / value / volume of 
the imbalance market 
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The activities of all fiie 
market partic^ants affect 
the magnitude of sj^stem 
imbalance togedier \7ith 
environmental factors 
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